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This report is a summary of the methods and findings of a research project that evaluated the social and
economic benefits of meteorological services in Australia. The meteorological services evaluated were
the basic public weather services and several specialist user-pay and commercial services used by
business firms in several sectors of the national economy. Overall, the results indicated that the quality
of the selected services was high. In addition, the benefits of these services were extensive, resulting in

high benefit—cost ratios.

I. Introduction

Weather- and climate-related natural disasters in
Australia are frequent and often very costly. This has
therefore led to a perennial interest in use of weather
and climate information to manage adverse effects of
these natural hazards. The major provider of weather
and climate information in Australia is the Bureau of
Meteorology (BoM). BoM is responsible for the col-
lection, storage and archival of weather and climate
data for use by present and future generations. It is
also involved with free international exchange of mete-
orological information and other services administered
by the World Meteorological Organization (WMO)
based in Geneva, Switzerland. The extent of the ser-
vices provided by BoM is summarised in its 1994-95
Annual Report, which defines the objectives, subpro-
grams and components of activities undertaken by the
Bureau based on the programme budgeting approach
used by the public service in Australia and other coun-
tries. This programme budgeting approach is described
in Table 1 and is based on four objectives: climate
record, scientific understanding, Australian communi-
ty welfare and international cooperation (WMO-
related activities).

In the current era of increasing trends towards privati-
sation and corporatisation of ‘traditional” government
services, BoM has been under some pressure to reduce

costs of operation and to justify any major upgrades
of its services and equipment based on detailed
benefit—cost analysis. In response to this development,
BoM has been interested in demonstrating the econo-
mic and social benefits of services it provides to the
general public, industries and organisations. The
Australian Research Council sponsored a collaborative
research project between Macquarie University and
BoM to identify and estimate social and economic ben-
efits of meteorological services provided by BoM. The
objectives of the three-year research project were as
follows:

(a) to establish methods for the assessment of the econ-
omic and social benefits of services provided by
BoM;

(b) to assess the economic and social benefits of select-
ed services at the Regional Office of BoM in New
South Wales; and

(c) to assess the economic and social benefits of select-
ed services provided by BoM from other Regional
Centres.

Eight subprojects were undertaken in development of
appropriate economic methodologies, evaluation and
establishment of benefits of basic public weather fore-
casts and warnings for householders, aviation weather
services, an enhanced weather service for agricultural
producers, public weather and climate services for the
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Table 1. Programme budgeting structure of the Australian Burean of Meteorology indicating its four main objec-

tives, subprograms and component activities

Objective Subprogram Component

Climate record 1. Monitoring and prediction Observations
Engineering
Communications

Scientific understanding

Australian community welfare

2. Climate services

3. Consultative services

4. Hydrological services

International cooperation

1. Scientific development

1. Weather services

1. International activities

Analysis and research

Pure research
Applied research
Supporting R & D

Public weather services
Severe weather services
Marine weather services
Aviation weather services
Defence weather services
Special weather services

Climate data bank
Climate data service
Climate monitoring service

Met. advisory service
Special investigations

Water resources assessment
Flood warning service
Hydromet advisory service

International activities

mining industry and tropical cyclone warning services
for both tourism (hotel operators) and homeowners.
The subprojects cover geographical areas mainly in
New South Wales and Queensland to meet the terms
of reference of objectives (b) and (c). A summary of
the subprojects based on the method of analysis, the
sector involved and geographical coverage is provided
in Table 2. This paper is organised as follows: firstly,
the eight subprojects are each briefly discussed, start-
ing with the first subproject which deals with identifi-
cation of methods to establish the economic and social
benefits of meteorological services; secondly, the
results of the seven specific studies are compared in a
discussion section with emphasis on the quality of the
various services derived through users’ surveys. The
conclusions and references are then reported at the end
of the paper.

2. Methods for evaluating benefits of
meteorological services

The first of the eight subprojects was the establishment
of methods to determine the economic and social
benefits of meteorological services in Australia
(research objective (a)). No one single methodology
could deal with the requirements of measuring benefits
of the varied services of BoM. This is partly because the
services of BoM are used by all 108 Australian Bureau
of Statistics classified economic sectors of the economy
as inputs in their production processes. They are also
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used by households as consumption goods since the
public weather services provide personal convenience
to individuals for their day-to-day living and also pro-
vide them with personal safety information about
weather-related natural hazards. As a starting point,
valuation of benefits of meteorological services
depends on two important economic concepts: indivis-
ibility and non-exclusiveness (Randall, 1981). A good is
indivisible (or is considered non-rival in consumption)
if its use by one individual does not reduce its avail-
ability in terms of the quality and/or quantity of the
service to others. A good is non-exclusive if individuals
cannot be excluded or it is very difficult to exclude
others from using the good. Based on the economic
concepts of indivisibility and non-exclusiveness, the
services of BoM can be classified into four groups:

(a) Indivisible (non-rival) and non-exclusive goods,
often called ‘public’ or ‘collective’ goods such as
basic public weather services and tropical cyclone
warning services, which are freely accessible to all
individuals through the mass media. This group
also includes weather and climate data collection
and archival services, as well as international public
goods, such as freely exchanged meteorological data
among member countries of WMO.

(b) Indivisible (non-rival) and exclusive goods such as
terminal aerodrome forecast services at major inter-
national airports in Australia used by international
airlines flying to Australia. These goods require
users to pay some fees but use of the goods by one
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Table 2. List of subprojects by sector of enquiry, economic method employed and the time period the studies were

undertaken

Sector Survey of users of Simulation modelling  Econometric analysis ~ Contingent valuation
weather and climate of use of weather of cost and/or income  technique to estimate
services to estimate information by of business firms or the value of underpriced
aggregate industry business firms to industry to reveal and/or non-market
benefits and quality of ~ estimate benefits benefits of weather weather and climate
services based on and climate services services
quality attributes of
information

Aviation Subproject 3 Subproject 4

(1994-95) (1994-96)

Agriculture Subproject 2 Subproject 2
(1994-96) (1994-96)

Mining Subproject 5 Subproject 5
(1995-96) (1995-96)

Homeowners Subproject 7 Subproject 7
(1994-96) (1994-96)

Tourism Subproject 6

(1994-96)
General public Subproject 1 Subproject 1
(householders) (1995-96) (1995-96)

individual does not reduce the quality and quantity
of the service to other individuals.

(¢) Divisible (rival) and non-exclusive goods such as ser-
vices dealing with recording of visually detectable
weather events for which the number of weather sta-
tions recording these events in Australia and other
countries has been declining. This implies that
future generations will not have access to certain
types of data available to the present generation. In
addition, automation of weather recording using
satellites sometimes lead to the non-recording of
certain events which are more easily observed and
recorded by humans. Such automated recording of
visually detectable events appears to contribute to
the divisibility of certain services as would appear to
future generations of weather and climate informa-
tion consumers who are likely to have less informa-
tion on several visually detectable events.

(d) Divisible (rival) and exclusive goods, often called
‘private or market goods’, such as specialist services
supplied to the mining industry for exclusive use by
selected companies which pay commercial market-
based rates for those services.

Given this background, the determination of economic
benefits of the Bureau’s services required application of
research methods in applied economics such as envi-
ronmental and resource economics, production eco-
nomics, economics of information, economics of risk
and uncertainty and welfare or normative economics.
‘Social’ or non-economic benefits derived from use of
meteorological services (especially the public weather
services) are usually difficult to value in economic
terms. They are more likely to be expressed in non-
monetary values, for example through the use of social

indicators such as the reductions in weather-related
human fatalities due to cold snaps, heat waves, tropical
cyclones and aviation accidents from use of improved
weather services. Qualitative listing of intangible bene-
fits of meteorological services such as the reduction of
anxiety and fear from severe weather events can also be
expressed. The details of the methods used are fully
described in recent issues of this Journal (Anaman et
al., 1995; Anaman & Lellyett, 1996a,b; Leigh, 1995).
The results and summary reports of the specific studies
are discussed below.

3. Contingent valuation study of the public
weather service in Sydney area

This subproject involved a survey of householders in
the Sydney metropolitan area to evaluate the basic pub-
lic weather forecasts and warnings produced by BoM.
The full published report of this study is described by
Anaman & Lellyett (1996¢). The major aim of the sub-
project was to determine the economic value house-
holders attach to the basic public weather service when
the service was used as a consumption good. The econ-
omic value of the service when used as a consumption
good was established using the contingent valuation
technique whereby respondents were requested to
indicate the maximum amount they would be willing to
pay to have access to the service (rather than be with-
out it). The quality of the service was also evaluated
based on several attributes of good information. Five
hundred and twenty-four members of the general pub-
lic were randomly selected. The respondents were con-
tacted by telephone in January and February 1996 and
asked a number of questions related to public weather
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forecasts and warnings. The average interview lasted
between three to six minutes

The results indicated that the average annual willing-
ness-to-pay for the service for all respondents was
about 24 Australian dollars (A$), or A$2 per month.
This was slightly over four times the current annual cos
per taxpayer of providing the service (A$5.8). Five-
eighths (62.5%) of respondents indicated that they
would 7ot be willing to pay for the service even though
most of them considered it an essential service for soci-
ety. Householders not willing to pay for use of the ser-
vice tended to be older people or those who used it
infrequently. Overall, respondents considered the ser-
vice of good quality and modestly useful for their day-
to-day activities. About 9% of householders also used
the public weather service for business purposes in
addition to using it for day-to-day living purposes.
Householders working in the construction industry
constituted the largest subgroup of users who used the
service for business purposes, making up about 21% of
the group.

4. Evaluation of the Cottonfields Weather
Service

This subproject was a study of producers’ evaluations
of an enhanced weather information service called the
Cottonfields Weather Service produced by the Special
Services Unit of BoM for areas in New South Wales
and Queensland. The study involved a random sam-
pling survey of members of the Namoi Cotton Co-
operative, one of the largest cotton producing groups
and the largest cotton processor in Australia. The
Cottonfields Weather Service provides, at some cost to
producers, the latest weather forecasts and information
for a particular locality which are more detailed than
the information obtained from the basic public weath-
er service provided freely through the mass media.
Access is through a phone facsimile machine.
Producers” assessment of the enhanced weather service
was based on numerical scoring (derived from a
uniform scoring scale) of key quality attributes of
information for managerial decision making such as
timeliness, ease of understanding, accuracy and overall
usefulness. About 51% of the members of the Co-
operative had adopted the service at the time of the sur-
vey. Users generally considered the service of high
quality, useful and effective.

4.|. Economic benefits

The average annual willingness-to-pay value (WTP) for
the service at the time of the survey (a drought period)
was about A$223. In addition, producers were willing
to pay on average A$260 annually for the use of the ser-
vice during a period of good rainfall. These two WTP
values were higher than the estimated average costs
incurred by producers for accessing the service based
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on facsimile charges, which were about A$190 per
producer. Change in producers’ surplus (aggregate
gross producer benefits) derived from producers’
responses were based on an estimated average 1% cost
reduction in production of raw cotton when using the
service. The analysis indicated that the average annual
aggregate gross benefits were about A$397 150 for cot-
ton production only. The total annual costs incurred by
cotton producers for the use of the service were
A$31590. Hence the benefit—cost ratio of the service
(for cotton production only) from a national perspec-
tive was 12.6.

4.7, Social or ‘non-financial’ benefits

The majority of the users indicated that it provided
them with some non-financial benefits. About 36% of
the users reported that the service assisted them in their
general household planning and decision making.
Planning of outdoor and recreational activities was
identified as the second most important non-financial
benefit of the service (14% of users) followed by plan-
ning social events (9%), planning family holidays (9%)
and more free time (9%) on equal scales of importance.
Non-financial benefits appeared to be oriented towards
general household planning, leisure activities and work
time savings. About 9% of users indicated that the ser-
vice provided no non-financial benefits (Anaman &
Lellyett, 1996a,b).

5. Evaluation of benefits of terminal aerodrome
forecasts for Sydney airport

A cost-loss ratio-based decision model was adapted to
Qantas Airways Limited’s alternate fuel uplift decision.
Qantas’ current fuel policy requires that additional fuel
called alternate fuel equivalent to one-hour flying time
be added to the total fuel load if the weather conditions
contained in the terminal aerodrome forecasts (TAFs)
at the destination airport are forecast to be severe. If the
weather conditions are forecast not to be severe, the
pilot before take-off may choose not to add the alter-
nate fuel to the total fuel load. This discretionary policy
is not available to most airlines since the alternate fuel
is automatically added to the total fuel load regardless
of the predicted conditions at the destination airport.
The economic value of TAFs in terms of fuel savings to
Qantas is therefore dependent on the accuracy of
TAFs. Forecast accuracy measures were derived from
TAF verification data held by the BoM; relationships
between TAF accuracy, expected airline operating cost,
and the value of the forecasts to the airline were deter-
mined. The analysis was extended to consider indirect
and external costs, and the concept of a socially optimal
level of accuracy was examined. Details of the findings
of this study were published in this journal recently
(Leigh, 1995). Briefly, the major outcomes of the study
were as follows.



5.1. Economic benefits of TAFs

The benefit to Qantas of a 1% increase in the average
accuracy of TAFs for Sydney Airport was estimated to
be over A$1.2 million per year for international routes
for 1993. Although average TAF accuracy was high and
a 1% increase represented a substantial improvement,
this result indicated that even small improvements in
accuracy would produce sizeable benefits for the whole
aviation industry. The annual value of the Sydney
Airport TAF service to Qantas, based on international
routes only, was estimated to be at least A$6.86 million
for 1993. Extending the results nationwide, the annual
savings were about A$16 million based on Sydney
handling about 43% of Qantas’ international flights to
and from Australia. This value was also shown to be
greater than the annual charge levied on the airline by
the government for all aviation weather services in
Australia of about A$6 million. Qantas’ current risk-
neutral alternate fuel policy produces lower expected
costs than the alternative risk-averse policy of always
carrying alternate fuel.

5.2. Social or ‘non-economic’ benefits of TAFs

Non-economic benefits were reported in the study but
only the value of passenger time savings was estimated.
Non-economic benefits not quantified included reduc-
tion of inconvenience and anxiety to passengers due to
reduced diversions and the reduction of greenhouse gas
emissions.

6. Econometric analysis of effect of aviation
weather forecasts on operating costs of Qantas
Airways Limited

This study involved an econometric analysis of the
effect of aviation weather forecasts on operating costs
of Qantas Airways Limited for its international oper-
ations. The subproject was conducted based on annu-
al data from 1971/72 to 1993/94. The weather fore-
casts evaluated were the terminal aerodrome forecasts
and the upper atmosphere wind forecasts for the
entire globe available to Qantas Airways Limited and
other international airlines. Initially, a total cost func-
tion model based on economic theory of the firm was
developed to capture the effect of aviation weather
forecasts on total costs. Because of the high aggrega-
tion of the annual data, a single variable, the output of
the airline, accounted for virtually 100% of the varia-
tion in the total cost, rendering the model inappropri-
ate for such analysis. An alternative approach involv-
ing a component of total cost of direct relevance to
weather forecasts was considered. Given the impor-
tant role of weather forecasts in deciding the amount
of fuel to carry for international flights, a total fuel
cost function approach provided a means of establish-
ing the value of weather forecasts. Hence, long run
and short run total fuel cost functions of the airline
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were estimated by multiple regression techniques
with total fuel cost as the dependent variable.
Independent variables were price of aviation fuel, out-
put of the airline, capitalisation of the airline mea-
sured by the depreciation of aircraft, alternate fuel
policy concerning use of TAFs and quality of upper
atmosphere wind forecasts. The short run fuel cost
function involved use of first differences of economic
variables and a pulse dummy variable for fuel policy
change involving TAFs that occurred in 1985. This
fuel policy change allowed pilots the discretion not to
add alternate fuel to the total fuel load if the weather
forecasts contained in the TAFs at the destination air-
port are not severe. Before 1985, the alternate fuel
load was added to the total fuel load regardless of the
predicted weather conditions at the destination air-
port.

6.1. Economic benefits

Preliminary results reported by Anaman & Lellyett
(1997) indicated that the airline fuel consumption was
strongly related to the price of aviation fuel and airline
output as expected from economic theory of demand.
In addition, increased capitalisation involving the
acquisition of more fuel-efficient planes led to a
reduced fuel consumption. The abandonment by the
airline of mandatory requirement for pilots to carry
alternate fuel in 1985, in favour of carrying such extra
fuel based on weather forecasts, saved between A$27 to
A$42 million annually in reduced fuel consumption in
1993/94 dollars. These estimates were in line with
expectations by the airline that the benefit of the
change was between A$20 and A$80 million. The effect
of upper atmosphere wind forecasts on airline fuel con-
sumption was not established, possibly due the high
aggregation of the annual data which might have
masked the effect of wind forecasts on fuel consump-
tion.

6.2. Social or ‘non-economic’ benefits

Based on the A$42 million annual fuel savings from the
use of TAFs, representing about 6% reduction in fuel
consumption from use of TAFs for the 1993/94 finan-
cial year, about 120 million litres or 95 256 tonnes of
fuel would be saved annually. Commercial aircraft pro-
duce about 3.2 tonnes of carbon dioxide (CO,) per
tonne of fuel consumed (Nusser & Schmitt, 1990). The
annual fuel savings were equivalent to about 304 820
tonnes less CO, in the atmosphere.

6.3. Quality of upper atmosphere wind and
temperature forecasts and TAFs

The quality of upper wind and temperature forecasts
measured by root mean square errors (comparison
between predicted outputs based on high resolution
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Table 3. Estimated average yearly root mean square
errors of upper temperature and wind forecasts at 250
hPa pressure level measured against radiosonde obser-
vations over the Australasian region of the globe from
1972/73 to 1994/95

Financial year Temperature Wind speed
°C) (ms™)
1994/95 1.92 8.60
1993/94 1.82 8.47
1992/93 1.98 8.92
1991/92 2.00 9.22
1990/91 1.98 9.31
1989/90 1.97 9.26
1988/89 2.16 9.62
1987/88 2.38 13.29
1986/87 243 13.52
1985/86 2.59 14.80
1984/85 2.68 14.83
1983/84 2.71 15.30
1982/83 2.79 14.62
1981/82 2.74 15.23
1980/81 2.83 14.62
1979/80 2.88 15.13
1978/79 2.90 16.04
1977/78 3.06 17.02
1976/77 3.08 17.12
1975/76 2.93 17.61
1974/75 2.79 16.85
1973/74 291 16.57
1972/73 3.11 16.96

global meteorological models and observed data) from
1972/73 to 1993/94 over the Australasian region are
summarised in Table 3 and illustrated in Figures 1 and 2.
There appeared to be a general improvement of
both forecasts over this period. Regression analysis of
the log of root mean square errors for both upper
atmosphere variables on a time trend indicated that the
coefficient of the time variable was negative and statis-
tically different from zero confirming improvement of
these forecasts.

Statistical analysis based on average results for Sydney,
Melbourne, Brisbane and Perth airports from Table 4
indicated that while the overall accuracy of TAFs had
been consistently high, there had not been a significant
improvement in the quality either measured by the per-
centage of correct forecasts (which averaged about
88%) or the proportion of no alternate forecasts issued
by BoM that turned to have required alternate fuel
(which averaged about 1.8%). The latter represented
the possibility of diversions based on Qantas’ current
fuel policy. (For full details see Anaman, Lellyett &
Avsar, 1997.) The accuracy of TAFs is illustrated in
Figures 3(a) and 3(b).

7. Evaluation of use and benefits of public
weather and climate services by the mining
industry in Queensland

This study evaluated the use and benefits of pubhcly
provided weather and climate services by the mmmg
industry in Queensland. It involved a survey of mining
companies in Queensland about their use of publicly
funded weather and climate services produced by BoM
using the mailing-in-method of survey. A pilot survey
of two mining companies in Queensland was com-
pleted at the end of January 1996 undertaken jointly
with the Queensland Mining Council based in
Brisbane. The final survey started in March 1996 and
ended in September 1996 with 67 out of 85 members of
the Queensland Mining Council responding to the sur-
vey, a response rate of 79%. In addition, visits were
made to two mines in the Newcastle area (an open cut
mine and an underground mine) in August 1995 to
study use of weather services by mining companies as
an information gathering exercise to develop the ques-
tionnaire for the interview.

Economic benefits of the public weather and climate

services to the mining industry were ascertained

through:
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Figure 1. Illustration of the decline in the average yearly root mean square (RMS) errors of upper temperature forecasts at the
250 hPa level measured against radiosonde observations over the Australasian region of the globe from 1972/73 to 1994/95.
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Figure 2. Illustration of the decline in the average yearly root mean square (RMS) errors of upper wind forecasts at the 250 hPa
pressure level measured against radiosonde observations over the Australasian region of the globe from 1972/73 to 1994/95.
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Figure 3. (a) Diagrammatic representation of the average annual accuracy of TAFs measured by the percentage of all forecasts
correct for Sydney, Melbourne, Brisbane and Perth from 1972/73 to 1993/94. (b) Diagrammatic representation of the average
annual accuracy of TAFs measured by the percentage of no alternate fuel required forecasts which were to have required alter-
nate fuel for Sydney, Melbourne, Brisbane and Perth from 1972/73 to 1993/94.

(a) the reduction in weather-related production losses
made possible from use of weather and climate ser-
vices, and

(b) the contingent valuation method whereby managers
were requested to indicate the maximum amounts
of money that they would be willing to pay (WTP)
to use the services rather than be without them.

Preliminary results indicated that mining firms on aver-
age would be willing to pay about A$5346 annually to
have access to public weather and climate services
rather than be without them. The perceived quality and
frequency of use of services were the significant factors
influencing the WTP for the weather and climate ser-
vices. The average frequency of use of basic public
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Table 4 Estimated average annual accuracy of TAFs
measured by (a) the percentage of all forecasts correct
and (b) the percentage of no alternate fuel required
forecasts which were observed to have required alter-
nate fuel for the four major Australian international
airports (Sydney, Melbourne, Brisbane and Perth) from
1972/73 to 1993/94

Financial ~ (a) % of forecasts  (b) % of no alt. forecasts
year correct observed to be alt.
1993/94 86.6 2.1
1992/93 87.7 1.5
1991/92 87.6 1.8
1990/91 88.1 1.6
1989/90 85.5 1.9
1988/89 82.0 2.2
1987/88 86.5 2.0
1986/87 87.2 1.4
1985/86 87.2 1.4
1984/85 87.3 1.6
1983/84 86.3 1.8
1982/83 90.5 1.4
1981/82 88.2 1.6
1980/81 88.9 2.1
1979/80 90.4 1.5
1978/79 87.7 2.0
1977/78 88.0 2.0
1976/77 88.7 1.5
1975/76 87.3 1.9
1974/75 88.3 1.7
1973/74 87.0 1.9
1972/73 87.6 2.0
Average 87.6 1.8
Standard

deviation 1.7 0.2

weather and climate services was estimated to be about
324 times per year. The annual costs of accessing these
basic public weather and climate services per firm were
estimated to be about A$308 annually based on the unit
access cost of about A$0.95. Hence as a rough guide,
for the mining industry, the societal benefit—cost ratio
was about 17.4 (i.e. 5346/308). Since the basic public
weather and climate services are used by all sectors of
the Australian economy in addition to being used by
households as consumption goods, the benefit—cost
ratio estimated in this study reflected only the situation
for the mining industry. Similar studies are needed in
all industries that use public weather and climate ser-
vices to aggregate the WTP across industries, so as to
establish the societal benefit—cost ratio of the basic
public weather and climate services when they are used
as inputs in production processes. When combined
with the value of these services when they are used as
consumption goods (for which a study has been con-
ducted for the Sydney metropolitan area), the total
societal economic value of the basic public weather ser-
vices for the entire economy can then be derived.

The three most frequently mentioned weather adverse
elements were heavy rainfall, tropical cyclones and high
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speed winds. The three frequently mentioned impor-
tant sources of weather and climate information to
combat adverse impacts were the mining firm’s own
weather recording station and/or instruments, fol-
lowed by the mass media (television, radio and news-
papers) and direct contacts with offices and stations of
BoM. About 38% of firms required more specialist
weather and climate information from BoM (beyond
that of the basic public services). One-quarter of those
requesting specialist information indicated that they
needed more detailed information on the tracking and
warnings related to tropical cyclones activities. The
need for more locality-specific weather reports con-
taining details of severe weather events was the next
most important additional information sought. This
was also indicated by 25% of respondents requesting
specialist weather and climate information. Not sur-
prisingly, a majority of non-users of public weather
and climate services indicated that the public weather
and climate services were too general, covered much
larger geographical areas, and were not specific enough
for their day-to-day activities and/or for protection
against severe weather events. For further details see
Anaman & Lellyett (1997).

8. Evaluation of the effect of tropical cyclone
warnings on the incomes of hotels along the
Queensland coast

This study considered the effect of overwarnings
issued about tropical cyclones on the revenues of hotels
operators. The costs of overwarning due to inaccurate
forecasts is considered an important component of the
costs of tropical cyclone warning service (TCWS). The
impact of TCWS on hotel gross revenues was in-
vestigated using several econometric models for nine
different regions of the Queensland coast based on
time-series and cross-sectional data from 1986 to 1993.
The results confirmed that there was a significant rela-
tionship between cyclone incidence and warnings and
the gross income of hotels in the Middle and Northern
sections but not in the Southern section of the
Queensland coast. A significant relationship was con-
firmed in at least one of the two econometric models
with the best fit for Maryborough, Bundaberg,
Rockhampton, Mackay, Townsville and Cairns. For
the remaining three of the nine primary regions, Gold
Coast, Sunshine Coast and Whitsunday, the relation-
ship was not confirmed.

The economic loss for hotels caused by cyclone inci-
dence and warnings was estimated to be about A$3 mil-
lion per year. However, the economic loss attributable
to the cyclone season, as compared with the non-cyclone
season, was about A$55 million per year. The influence
of the cyclone season thus appeared to be about 18 times
as important as actual incidence of cyclones and warn-
ings in explaining the variation of hotel incomes.
Cyclone season was a complex variable that captured



impact of rainfall and other factors in addition to the
perceived risk of cyclones to potential tourists. The year-
ly impact on average gross incomes of hotels along the
Queensland coast due to the cyclone season was about
10% of the yearly gross income, while the correspond-
ing effect attributed to the actual cyclone incidence and
warnings was only about 0.5%. Therefore, the fact that
the variable capturing both actual cyclone incidence and
related cyclone warnings in the area had a very small
influence on gross incomes of hotels indicates that the
effect of cyclone warnings issued by TCWS (which
included overwarnings) was relatively very small. The
cost of overwarnings about tropical cyclones appeared
not to be a serious economic problem for tourism indus-

try. For further details see Drake (1995).

9. Benefits homeowners in cyclone-prone areas
of Queensland derive from the tropical cyclone
warning service

Tropical cyclones have a significant economic impact in
northern Australia and are one of the most economi-
cally significant natural disasters responsible for the
highest insurance payouts. The Insurance Council of
Australia indicated that the average cost of tropical
cyclones in terms of insurance payouts was about A$75
million over the 20-year period from 1970 to 1989. The
total net costs of tropical cyclones to the public have
been estimated to be about four times as large as insur-
ance payouts by the Insurance Council of Australia,
suggesting that the average annual total costs could be
about A$300 million (Joy, 1991). The tropical cyclone
warning service (TCWS) produced by BoM has
changed conditions for people in disaster-prone areas
such as the tropics. However, there have been few
economic impact studies of the TCWS in Australia.

9.1. Contingent valuation study of the benefits of
TCWS

This study involved a survey of homeowners to estab-
lish the economic benefits that they derive from the
TCWS. This survey used the contingent valuation
method which gave theoretically correct welfare mea-
sures of the benefits of the service. The contingent
valuation method involved two separate components:

(a) the estimation of the benefits based on what home-
owners are willing to pay (WTP) to have access to
TCWS; and

(b) the amount that homeowners are willing to accept

(WTA) to be without TCWS.

In the case of the WTP approach, the contingent valu-
ation method would measure the so-called compensat-
ing variation. In the case of willingness to accept
(WTA) approach, the method would measure the so-
called equivalent variation (see Hanley et al., 1997).
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These economic estimates would include all benefits
homeowners believed they would get from the TCWS,
which would include reduced threat to personal safety,
reduced risk of loss of property and improvement in
wellbeing from reduced risk of being surprised by
tropical cyclone events.

The survey also requested answers from homeowners
on a few questions of their experience with tropical
cyclones and their degree of worry that their neigh-
bourhood would be hit by a cyclone. Information
about the extent of damage to property and risk of life
for normal and severe tropical cyclones was given
together with probabilities of different categories of
cyclones hitting a particular city. Respondents were
also asked about their prediction of financial loss in
case their neighbourhood was hit by normal and severe
tropical cyclones, and the proportion of the loss that
would be covered by insurance payouts. They were
then requested to indicate the maximum amount that
they would be willing to pay in the form of an extra
Federal income tax just for financing the TCWS, given
the option that the service would cease to exist without
the payments. About 56% of respondents indicated
that they would not be prepared to pay for the service.
The mean annual WTP, excluding the deemed protest
zero-bids, was A$32 in Brisbane, and A$52 in both
Mackay and in Townsville.

9.2. Willingness to accept amounts of money to
be without TCWS

A question about the amount respondents would be
willing to accept (WTA) to be without the TCWS was
also included in the Mackay and Townsville surveys.
The WTA format gave property rights to respondents
since they were hypothetically compensated if they
chose to lose their rights of being warned. The bids
derived from the WTA question were also not con-
strained by the incomes of individuals as applicable to
the corresponding WTP question. Not surprisingly, a
much larger proportion of respondents gave non-zero
bids to the WTA question than for the WIP question.
People seemed to find it easier to accept the idea that
they had the right to being warned about tropical
cyclones and therefore be compensated if they were to
lose those rights. Because of the extreme bids, the
median value probably reflected the average value of
the service better than the mean value. The median
annual WTA was A$200. It was quite clear, from the
high degree of protest zero bids in stating their WTP
amounts of money combined with very high WTA
bids, that many people did not accept the idea that it
was possible to put a price on the TCWS. Respondents
seemed to believe that it was the duty of Government
to produce and finance a reliable TCWS.

The population along the Queensland coast is currently
about two million, and is increasing by 2-3% per
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Table 5. Users’ perceived quality of meteorological services in terms of average numerical ranking of economic

quality attributes of information*

Quality attribute Cottonfields Public weather Public weather and
of information Weather Service service for Sydney climate services for
(New South Wales) householders Queensland mining firms

Ease of understanding 4.3 4.2 3.8

(0.12) (0.17) (0.17)
Overall usefulness 4.2 3.8 2.8

(0.14) (0.20) (0.37)
Relevance 4.1 4.0 33

(0.15) (0.24) (0.20)
Adequate level of details 4.1 — 35

(0.15) (0.21)
Timeliness 3.9 — —

(0.13)
Accuracy 3.6 3.2 3.2

(0.14) (0.25) (0.22)
Frequency (time of day) 3.5 — —

(0.23)

5, the highest score, was used to denote that the information was considered excellent while 1, the lowest score, meant information
provided was regarded as very poor. Scores of 4, 3, 2 indicated good, satisfactory and unsatisfactory assessments respectively. The
coefficients of variation of the scores (defined as the mean score divided by the standard deviation) are in the brackets.

annum. With a conservative average annual WTP for
access to the TCWS of about A$30, about two-thirds of
people owning their homes, and adjusting for about
50% of the population over 18 years of age old, the
aggregate annual WTP of homeowners for access to the
TCWS would be about A$20 million. The annual costs

of the TCWS is about A$2 million, indicating a positive
benefit—cost ratio to society of about 10:1. Using the
WTA estimate of A$200 would result in a benefit—cost
ratio to society of about 66:1. For further details see
Drake & Eriksson (1997).

Users' mean ranking of services
1 = very poor
3 = satisfactory
5 = excellent

2 = unsatistactory
4=gx}d

Figure 4. Graphical representation of users’ percetved quality of meteorological services in terms of average numerical ranking

of economic quality attributes of information.
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10. Discussion

Table 5 and Figure 4 provide a summary of the econ-
omic quality attributes of selected meteorological
services determined through surveys (subprojects 1, 2
and 5). The ease of understanding of information
was ranked as the highest valued attribute. Not surpris-
ingly the benefit—cost ratios of the services were high
partly because, in the first place, users understood the
messages contained in the information. The specialist
weather service for the cotton industry was regarded as
of the highest quality product because of the enhance-
ment of the general public weather service for explicit
needs of cotton growers. Accuracy was generally con-
sidered satisfactorily with average ranking always above
the satisfactory level of 3.0. The accuracy of the
enhanced specialist weather service was also ranked
higher than the public weather services. In the specific
case of use of public weather and climate services by the
mining industry in Queensland, all quality attributes of
information were ranked well except the overall useful-
ness. One-third of users considered the services to be
too general and half of those firms (which considered
the services too general) wanted enhanced weather
services similar to Cottonfields Weather Service devel-
oped for the cotton industry based on similar pro-
ducers’ requests. As shown in Table 6, the benefit—cost
ratios of the services were high, reflecting partly on their
high quality indicated by the attributes of information.

The two aviation subprojects 3 and 4 used different
economic methodologies and did not involve direct
surveys to elicit the quality of the services from users.
Subproject 3 was based on a simulation modelling
analysis incorporating the cost-loss ratio technique,
using TAF data over the period 1972 to 1993 to esti-
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mate the net direct economic benefits to Qantas
Airways Limited, and using TAF information for 1993
economic conditions. The net direct economic benefits
were derived in terms of expected fuel savings less
increased labour and other costs associated with diver-
sions caused by inaccurate TAFs and were applicable
strictly for Sydney International Airport. This study
concluded that the net direct economic benefits of TAF
information to Qantas was about A$6.9 million for
1993. When this result was extended Australian-wide,
the net direct economic benefits of TAF information
were about A$16.0 million, for international flights
based on Sydney accounting for about 43% of all
Qantas’ international flights to Australia. This exten-
sion of the result could be justified because of similar
TAF accuracy figures for the four main Australian air-
ports (Brisbane, Melbourne, Perth and Sydney) over
the 1972 to 1994 period (see Anaman et al., 1997).

Subproject 4 used another approach to determine the
economic benefits of the fuel policy change involving
TAF information for Qantas, based on published
annual reports and econometric time series analysis for
international flights using global data. The annual fuel
savings was estimated to be between $A27 and A$42
million for 1993/94 economic conditions. In order to
compare the result of subproject 4 with that of subpro-
ject 3, the equivalent annual benefit from use of TAF
information by Qantas solely for Australian interna-
tional airports was derived. This was based on Qantas’
flights to Australia accounting for about 40% of all its
international flights before the merger with Australian
Airlines in the 1992/93 financial year. The equivalent
annual fuel savings from use of Australian-based TAF
information were about A$16.8 million (i.e. 0.40xA$42
million) for the 1993/94 financial year.

Table 6. Estimated benefit—cost ratios of selected meteorological services produced by the Australian Burean of

Meteorology

Meteorological service

Benefit—cost ratio

Remarks

Basic public weather services 4:1 Excludes the benefits from use of basic public

for householders (forecasts and warnings) weather services as inputs in the production
processes of business firms and organisations.

Cottonfields Weather Service for cotton 12:1 Benefit—cost ratio is based on the reduction in the

producers in New South Wales and Queensland unit cost of production of cotton from the use of
the service.

Terminal aerodrome forecasts service for 2.7:1 Benefits mainly in terms of fuel savings less the

international flights to Sydney international cost of diversions from inaccurate forecasts.

airport (for Qantas Airways Limited ) The ratio is strictly a financial benefit—cost ratio
for Qantas Airways Limited.

Terminal aerodrome forecasts service for 1.8:1 Benefits due to fuel savings. The ratio is strictly a

international flights to all Australian t02.8:1 financial benefit—cost ratio for Qantas Airways

international airports used by Qantas Airways Limited.

Limited

Public weather and climate services for mining 17:1

firms in Queensland

Tropical cyclone warning service for 10:1 Benefit—cost ratios are preliminary figures.

homeowners in Queensland to 66:1
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Thus, the comparable maximum Australian-based
benefits derived from subproject 4 were almost equal to
the net direct economic benefits applicable to
Australian-based international flights inferred from
subproject 3 (A$16.0 million). Subproject 4 did not
include the costs of diversions due to inaccurate TAF
information (such as increased labour costs and over-
heads), which should be subtracted from the fuel cost
savings to arrive at net direct benefits to the airline.
However, this subproject also did not incorporate the
possibility of increased payload due to carrying of less
fuel, a source of additional revenue. Thus, it appeared
that net direct benefits of use of TAF information
derived from both subprojects 4 and 3 were likely to be
similar, considering that diversions due to inaccurate
TAFs were about 1% or less with the introduction of
the Code Grey Warning Service in 1991 to improve
quality control of TAF information.

Subprojects 6 and 7 were concerned with the evaluation
of the tropical cyclone warning service in Queensland.
Subproject 6 involved the use of econometric analysis of
incomes of hotels to establish whether warning infor-
mation about tropical cyclones had a negative effect of
incomes of hotels. Tropical cyclone warning informa-
tion was shown to have insignificant negative effect on
the incomes of hotels. The estimation of the benefits
homeowners derived from the tropical cyclone warning
service was undertaken using the contingent valuation
method (subproject 7). The results indicated that home-
owners placed a high value for the service and were pre-
pared to pay on average at least A$30 annually for the
service (rather than be without it). Overall, based on the
results from this study and the evaluation of the basic
public weather service in Sydney (subproject 1), the
contingent valuation method was found to be a useful
tool to elicit the economic value of meteorological ser-
vices when used as consumption goods by household-
ers. The results of these studies tended to show that the
economic value of these services was related to socio-
economic characteristics consistent with economic the-
ory of demand of goods and services.

Il1. Conclusions

This report is a summary of the methods and findings
of a research project undertaken to evaluate the econ-
omic and social benefits of meteorological services
in Australia. The services evaluated were the basic pub-
lic weather services and several user-pay services used
by business firms in several sectors of the economy.
The results indicated that benefit—cost ratios of the
meteorological services were high. It was not possible
to determine the overall benefit—cost ratio of all BoM’s
services because only a limited number of important
services provided by BoM were evaluated. The econ-
omic value of the basic public weather services, when
used as a consumption good by householders expressed
as the average annual WTP for the service, was esti-
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mated to be A$24 per adult. The public component cost
of BoM (total expenditures minus revenues raised) was
A$13.2 per taxpayer for the 1994/95 financial year.
Hence the minimum societal benefit—cost ratio for
BoM as a whole was about 2:1, when only the house-
holder benefits of the public weather services were used
to derive the benefits component of the ratio.

The benefit of use of improved weather forecasts in the
form of terminal aerodrome forecasts by Qantas Airways
Limited for international flights to Australia was esti-
mated to be at least A$16 million per year. The use of
enhanced weather information led to about one per cent
reduction in the cost of producing cotton in New South
Wales. Two studies were undertaken on the evaluation
of the tropical cyclone warning service in Queensland
for tourism industry (hotels) and as provision of infor-
mation for homeowners respectively. Warning informa-
tion about tropical cyclones including possible over-
warnings appeared not to have negative effect on
incomes of hotel operators, contrary to popular percep-
tions obtained from the mass media during some cyclone
seasons. However, the tropical cyclone service was
regarded as valuable by homeowners with a conservative
average annual WTP for the service being A$30.

The quality of the services measured by various attri-
butes of ideal quality information was generally high.
The quality of the services was considered high princi-
pally because a key attribute of ideal information — ease
of understanding — was ranked highly and it was con-
sistently ranked as the number one attribute. This
meant that users adequately understood the messages
contained in the information. Accuracy was an
attribute where users indicated that some modest
improvement was needed, even though overall the
average ranking of this attribute was considered satis-
factory. Another finding was that the basic public
weather services were regarded as too general when
they were used as inputs for production purposes for
mining in Queensland. Specialist enhanced forms of the
public weather services were therefore needed to be
produced to satisfy growing demand for such services
from the mining industry and potential users from
other sectors. An extension of the current study could
be the evaluation of use of improved weather informa-
tion by the coal-fired electricity generation industry
(a major emitter of greenhouse gases) to reduce emis-
sion of greenhouse gases to meet Australian targets
under international climate change conventions. It was
shown that use of improved weather information by
Qantas Airways Limited led to about 6% reduction in
consumption of aviation fuel equivalent to over 300000
tonnes of reduced CO, emission annually.

Acknowledgments

This paper is a significantly reduced version of the
unpublished final project report. The unpublished



report is available from the Australian Bureau of
Meteorology Headquarters, GPO Box 1289K, Mel-
bourne, Victoria 3001, Australia. The authors express
their gratitude to various staff from BoM, United States
National Weather Service, British Meteorological
Office, World Meteorological Organization, several
Australian Government departments in Australia espe-
cially the Reserve Bank of Australia, the Prices
Surveillance Authority, the Bureau of Transport and
Communications Economics, Australian Bureau of
Statistics, Australian Bureau of Agricultural and
Resource Economics, New South Wales Department
of Agriculture, Queensland Department of Treasury,
Queensland Department of Minerals and Energy and
the University of Queensland for timely release of sec-
ondary economic data requested by project staff.
Special mention is also made of private companies such
as the Boeing Corporation, Seattle, Washington, USA,
Shell Pty. Limited, Sydney and McIntosh Company,
Melbourne for supply of aviation fuel price data.
Qantas Airways Limited, New South Wales Minerals
Council, the Queensland Mining Council and Namoi
Cotton Cooperative provided the project with data
and support. The research project was sponsored by
the Australian Research Council, which is gratefully
acknowledged. This is Climatic Impacts Centre,
Macquarie University Contribution Number 97/2.

References

Anaman, K. A., Thampapillai, D. J., Henderson-Sellers, A.,
Noar, P. F. & Sullivan, P. J. (1995). Methods for assessing
the benefits of meteorological services in Australia.
Meteorol. Appl., 2: 17-29.

Anaman, K. A. & Lellyett, S. C. (1996a). Producers’ evalua-
tion of an enhanced weather information service for the
cotton industry in Australia. Meteorol. Appl. 3: 13-125.

Anaman, K. A. & Lellyett, S. C. (1996b). Assessment of the
benefits of an enhanced weather information service for the
cotton industry in Australia. Meteorol. Appl., 3: 127-135.

Anaman, K. A. & Lellyett, S. C. (1996¢). Contingent valua-
tion study of the public weather service in the Sydney
Metropolitan Area. Economic Papers, 15(3): 64-77.

Benefits of meteorological services in Australia

Anaman, K. A, Lellyett, S. C. & Avsar, G. S. (1997).
Assessing the effect of weather forecasts on fuel expendi-
ture of an international airline. Unpublished paper.

Anaman, K. A. & Lellyett, S. C. (1997). Evaluation of use
and benefits of public weather and climate services by the
mining industry in Queensland. Queensland Government
Mining Journal, 98: 56-61.

Anaman, K. A, Lellyett, S. C., Drake, L., Leigh, R,
Henderson-Sellers, A., Noar, P. F., Sullivan, P. J. &
Thampapillai, D. J (1997). Economic and social benefits of
meteorological services produced by the Australian Bureau
of Meteorology: Final project report. Graduate School of
the Environment and the Climatic Impacts Centre,
Macquarie University, Sydney, Australia, 51 pp. (unpub-
lished).

Australian Bureau of Meteorology (1995). Annual Report
1994-95. Australian Government Publishing House,
Canberra, Australia, 156 pp.

Drake, L. (1995). Implications of tropical cyclone and tropi-
cal cyclone warning service on the income of hotels along
the Queensland coast. Paper presented at the Second
Tropical Cyclones Coastal Impact Programme and Co-
ordination Workshop, Brisbane (9 March), Climatic
Impacts Centre Contribution Paper No. 95/11, Macquarie
University, Sydney, 12 pp.

Drake, L. & Eriksson, J. (1997). Economic assessment of
tropical cyclones and the warning service. Department of
Economics, Swedish University of Agricultural Sciences,
Uppsala, Sweden, 20 pp. (unpublished).

Hanley, N., Shogren, J. & White, B. (1997). Environmental
economics in theory and practice. Macmillan Publishing
Limited, Sydney, Australia, 464 pp.

Joy, C. S. (1991). The cost of natural disasters in Australia.
Paper presented at the Climate Change Impacts and
Adaptation  Workshop, Climatic Impacts Centre,
Macquarie University, Sydney, Australia.

Leigh, R. J. (1995). Economic benefits of terminal aerodrome
forecasts at Sydney Airport, Australia. Meteorol. Appl., 2:
239-247.

Nusser, H. G. & Schmitt, A. (1990). The global distribution
of air traffic at high altitudes, related fuel consumption and
trends. A#r traffic and environment — background, tenden-
cies and potential global atmospheric effects (ed. Schumann,
U.), pp. 1-11.

Randall, A. (1981). Resource economics. Grid Publishing,
Columbus. Ohio, USA, 415 pp.

15



